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R. TOUSEY, W. E. AUSTIN, J. D. PURCELL AND K. G. WIDING
INTRODUCTION
From the simplest beginning with V-2 rockets in 1946, steady progress has been made in obser ving the extreme ultraviolet spectrum of the Sun, first by several groups in the USA, and within the last decade in the USSR. Work is now going on in various European countries, and a group in the United Kingdom has recently achieved success. During the four years that have elapsed since the first Liege symposium on the extreme ultraviolet spectra of stars, many new results have been obtained. The solar spectrum has now been recorded in very considerable detail from 3000 A to 13 A in soft X-rays, spectroheliograms have been obtained at several wavelengths, and the^first monitoring experiments have been conduc ted from satellites. Interpretation of the obser vations seems now to be really under way, but the more we learn, the more we realize the need for rocket and satellite-borne experiments of greater power and sophistication. Spectrohe liograms of increased spatial resolution, spectra showing still fainter lines and resolving the many blends, improved measurements of intensities, and more extensive solar monitoring are some of the goals of future experiments. As indicated by the title, the principal spectral region to be dis cussed is that in which the radiation arises from the chromosphere and corona. For completeness, however, a brief review of the longer wavelength rocket region is included ; chromospheric radia tion is present here also, although the radiation is mainly from the transition layer and the pho tosphere.
THE PHOTOSPHERIC AND TRANSITION REGIONS
From 3000 A to 2085 A the solar spectrum is mainly photospheric, just as it is to longer wave lengths. On August 21, 1961 using an echelle spectrograph capable of resolving 0.03 A, PUR CELL, GARRETT and TOUSEY (1963) recorded 6,400 Fraunhofer lines between 3000 A and 2250 A, and determined wavelengths to 0.01 A. About half the lines have been tentatively iden tified by comparison with the ultraviolet multiplet tables of MOORE (1950) . A re-flight of the same instrument on November 19, 1964 was successful in extending the high resolution spectrum to 2100 A. It is planned to publish both a line list with identifications and an atlas showing intensity profiles. All measurements of solar intensity distribution made up to the present were reviewed by TOUSEY (1963) .
Beginning at 2085 A the Fraunhofer lines become extremely weak and the first emission lines begin to appear above the continuum. Parts of this region, are shown in Figure 1 , taken from a spectrum photographed by TOUSEY, PURCELL, AUSTIN, GARRETT and WIDING (1964) on August 22, 1962 with a nearly stigmatic, doubledispersion, grating spectrograph resolving 0.2 A. The change in character of the spectrum at X < 2085 A was first recognized by JOHNSON, MALITSON, PURCELL and TOUSEY (1958) . As recorded on May 13, 1959 with 0.5 A resolution (DETWILER, GARRETT, PURCELL and TOU SEY, 1962) , the continuum between the Fraunhofer lines changes abruptly from 550O°K at X > 2100 A to 5050°K near 2050 A. Both above and below 2100 A the bottoms of the Fraunhofer lines reach 4900°K and a few fall even lower ; for example, Mg I 2025.82 A reaches 4800°K and the autoionization pair of Al I 1935 A dips to 4650°K. Absorption by the ionization continua of Al and Ca by CO and NO, and by some form of hydrogen have been suggested as explanations, but there is still no theory which describes satis factorily this strong quasi-continuous absorption and the suddenness with which it sets in. Progressing to shorter wavelengths the conti nuum level falls gradually ; the Fraunhofer lines all but vanish by 1690 A and none have been detected below 1530 A. Emission lines begin to appear, becoming more and more profuse the shorter the wavelength. Below 1280 A the conti nuum level rises as the wing of H I Lya is entered.
The number of lines that have been distingui shed in the August 22, 1962 spectrum of 0.2 A resolution is approximately one per Angstrom, on the average. From 2000 A to 1700 A, nearly all are Fraunhofer lines but identification is difficult because of their weakness and similarity. Many are from Fe I and Si I. From 1725 A to 1200 A, almost all are emission lines ; about half have been identified. In the range 1700 A to 1725 A emission and absorption lines are mixed together in approximately equal numbers.
All emission lines as yet identified in the rocket spectra are from the most abundant solar ele ments through Fe and including Al. At X > 1216 A almost all are chromospheric rather than coronal. The largest number are from C I and Fe II. The spectrum of the former is exceedingly rich and all the multiplets listed by MOORE (1950) appear to be present. The emission line of longest THE EXTREME ULTRAVIOLET EMISSION 7 wavelength has been tentatively identified as C 11993.65 A, 2p 2 X D -3s 2 P°. Prominent near 1650 A is C 1(2), which contains the raie ultime 1656.998 A; four of its six components are resolved in Figure 1 , but there is a blend pro blem ; a fairly intense line is present where the weakest component of the multiplet, 1657.368 A, should lie.
A great many of the emission lines from 1725 A to 1550 A have been identified as Fe II, which gives rise to intense Fraunhofer lines at X > 2100 A. In Figure 1 multiplets (40-43 and 8) are quite prominent ; the two leading lines of (43), 1670.759 A, probably mask Al 11(2), 1670.81 A, with the result that the identification of Al II is not certain. From 1550.26 A there is a gap in the spectrum of Fe II, as listed by MOORE (1950) ; this seems to explain the scarcity of solar emission lines in this range. Below this gap a few Fe II lines are present, but they are faint, and none of the many Fe II lines between 1216 A and the ionization limit, 766 A, have been detected.
In the range X > 1200 A, the lines originating highest in the chromosphere areNV(l) 1238.800, 1242.778 A. Amongst the unidentified lines there are certain to be others originating still higher in the chromosphere, or in the corona. For example, the line at 1241.9 A is coronal because of its extension beyond the Sun's limb, which was especially noticeable when the Sun was active (DETWILER, PURCELL and TOUSEY, 1961) .
A number of observations connected with centerto-limb intensity changes can be made from the August 22, 1962 spectrum. Near 1650 A this spectrum was closely stigmatic, but on either side the correction became less complete. At the extremes, 1200 A and 2000 A, there was appro ximately 1 minute of uncorrected astigmatism. Taking this into consideration, the continuum from 2000 A to 1530 A as seen between the lines, f shows no change in intensity to within 20 seconds of the limb, which is the approximate limit set by the instrumental resolution. This is the type of behavior that would be expected for radiation which originates from the transition layer, where the temperature passes through a shallow mini mum with increasing altitude. The fact that Fraunhofer lines are present and faint from 2085 A to 1700 A, indicates that a substantial fraction of the radiation in this spectral region originates from just below the temperature minimum.
Below 1530 A the character of the continuum is different. Here it shows conspicuous limb brightening much like that seen in many of the emission lines. This continuum is attributed to radiation from the ionization continuum of Si I since the wavelength at which it appears is exactly right. The enhancement at the limb, and the absence of Fraunhofer lines show that the radia tion arises from the outer edge of the transition layer where the temperature is beginning to rise as the chromosphere is entered. All the way to shorter wavelengths, the continuum exhibits limb brightening to a greater or less extent. This is also true of the wings of Lyman-alpha and would be expected, since the Lyman-alpha wing-radia tion originates low in the chromosphere. In Figure 1 , although a diaphragm cut across the upper part of Lyman-alpha and a speck of dirt in the slit cast a diagonal shadow at the lower edge, the limb effect can still be seen. The intensity level of the continuum in this spectral range is, of course, connected quite direc tly with the temperature between the photosphere and the chromosphere. The value of the radia tion temperature between 1750 A and 1850 A was determined in 1959 to vary between 4625 and 4700<>K ; from 1300 A to 1500 A the value was 4700 to 4750°K in 1960. In both these years the Sun was active. These values are averages taken across the transition region and are not the minimum value reached by the tempe rature curve. De JAGER (1963) has taken this into account and shown that a 4700°K tempe rature near 1500 A is compatible with a solar model with a flat minimum at approximately 4500°K. Thus the rocket results support this value of minimum temperature in the Sun's transition region.
Nearly all of the emission lines show limb brightening, as would be expected since they originate in the chromosphere. The degree of limb brightening depends on the particular line and is generally greater, the higher the tempera ture required to produce the particular ionic species. For example, the lines of CI show the least limb brightening; in fact, some of them appear to show hardly any change at the limb. All the lines of Fe II become brightened toward the limb, and H-alpha of He II 1640.47 A is conspicuously brightened and broadened at the limb. In the range X > 1200 A, the lines showing the most limb brightening are C IV near 1550 and N V near 1240 A.
The interpretation of the center-to-limb varia tion in the extreme ultraviolet spectra is compli- cated by effects produced by active regions. Spectra photographed in 1959 and 1960 when the Sun was active, showed that plage regions pro duce enhanced emission in the continuum from 1530 A, the longest wavelength then photogra phed with a stigmatic spectrograph, to shorter wavelengths, and also, of course, in the emission lines (DETWILER, PURCBLL and TOUSEY, 1961) . On August 22, 1962 however, the Sun was so quiet that almost no plage regions were present. There is some evidence, however, in the silicon conti nuum near the limb, and also in the emission lines, that part of the enhancement, especially at the upper edge of the spectrum shown in Figure 1 , must be presumed to arise from an active region near the limb which happened to fall on the slit. However in CaK spectroheliograms photographed during this period no plage regions appeared to be present at the part of the limb covered by the slit. The further elucidation of these matters must await new photographs of the solar spectrum, THE NORMAL INCIDENCE RANGE, LYMAN-ALPHA TO 500 A The wavelength range from 1200 A to 500 A is best photographed with grating spectrographs of the normal-incidence double-dispersion type. Although photographic spectra obtained with grazing-incidence spectrographs extend into this wavelength region, they are less valuable because of the presence of many intense higher order lines and because they are highly astigmatic. Double-dispersion spectra having about 1 A resolution were obtained on April 19, 1960 by DETWILER, PURCELL and TOUSEY (1961) . A spec trum with much higher resolution was obtained on August 22, 1962 by TOUSEY, PURCELL, AUS TIN, GARRETT and WIDING (1964) using a grating having 2400 instead of 600 lines/mm. The principal portion is reproduced in Figure 2 . The intensities of the lines are less than in the earlier spectrum, partly because of the reduced activity of the Sun. The continuum and wing of H I Lyoc are much weaker than in the 1960 spectrum because a narrow slit was used. This was done in order to obtain the greatest possible resolution and a value of 0.07 A was attained.
The emission lines present in this wavelength range are similar to those at longer wavelengths ; a few are coronal but most are chromospheric. Some lines of C I, whose ionization limit lies at 1100 A contribute to the faint features in Figure 2 . C I (10) through (30) are all present, but not all components of these multiplets are resolved and some are masked by blends. All of these lines are characterized by relatively little change in intensity across the disc.
By far the greatest number of emission lines in this spectral range, and also to still shorter wavelengths, are produced by screening type transitions, that is, transitions in which the prin cipal quantum number does not change. This is true of C II-IV, N IV, O II-V, Si III and IV, and S II-V. For example, in CII nearly all the screening transitions listed by MOORE (1950) Figure 2 . Similarly in C III, the resonance transition, C III (1) 977.026 A, is very strong, as are the six components of C II (4) near 1175 A, five of which are resolved in Figure 2 . CIII (2), 386.203 A and C III (3), 310.171 A, transitions where the principal quantum number changes from 3 to 2 and 4 to 2, respectively, have not been found with grazing-incidence instruments. The earlier report of these lines by VIOLETT and RENSE (1959) has not been confirmed by later observations.
5 Likewise with CIV, only the screening transitions multiplet (1), 1548.195, 1550.768 A, are present. The next strongest multiplet in the laboratory, C IV (2), 312.412, 312.455 A, a transition where the principal quan tum number changes from 3 to 2, is masked. ZIRIN and DIETZ (1963) have made use of the relative intensities of such lines to calculate temperatures in the chromosphere.
The lines of nitrogen are not as strong as those of carbon or silicon. This is unexpected from its abundance in the Sun, 7.98 compared to 8.72 and 7.50 for C and Si, respectively (GOLDBERG, MULLER, and ALLER, 1959) . From N I, multiplet (1) can be seen in Figure 2 Figure 2 and the third and weakest member 1028.15 A, is barely detectible. These two latter lines, having laboratory intensities, 8 and 7, respectively, should be stronger than the singlet system line O I (6), 2p 4 X D -3s' X D°, at 1152.129 A. However, the latter is very strong in the spectrum of Figure 1 and is one of the narrowest recorded, with width equal to the slit width, 0.07 A. Its intensity is much greater than the lines of O I (4), even making allowance for the changing speed of the spectrograph between 1152 A and 1027 A ; this may, in part, be explained by atmospheric absorp tion by O, which is strong for O I (4) but negli gible for O I (7). A weaker line in the singlet system, O I (7), 2^4 4 IS -3s' f *P°, 1217.643 A is present in the long wavelength wing of Lyman-alpha ; it is not the line which shows in Figure 2 , but can be seen in less heavily exposed spectra. (4) .935 A, which are present in spite of the fact that in the laboratory the intensities of the latter, 13, 12 are greater than those of the former, 10, 9.
The Lyman series of hydrogen, as shown in Figure 2 , is of interest because of the resolution, which is much greater than was attained in 1960. Both Lya and Ly(3 are strongly self-reversed. Lya is, of course, greatly overexposed, but the self-reversal can be seen in the two ghosts, which appear below the principal spectrum because of the double-dispersion. The contour of these lines has been discussed by TOUSEY, PTTRCELL, AUSTIN, GARRETT, and WIDING (1964) . The resolution is not sufficient to distinguish a telluric absorption core, such as was found by PURCELL and TOU SEY (1960) . The peak-to-peak separation in Ly(3 is approximately two-thirds as great as for Lya, and this is also true of the half-maximum width of the emission line as a whole. The cen tral reversal however, after correction for absorp tion effects by oxygen and hydrogen in the earth's atmosphere, appears to be nearly as deep for Lyj3 as for Lya. Close to the limb the peak-topeak separation increases slightly for Ly(3, just as it does for Lya. The reduced width of Ly(3 is explained satisfactorily as partly produced by the ratio of wavelengths, and partly by the lower /-value for Ly(3 and its effect on the optical depth. As yet, the depth of the self-reversal of Ly(3 has not been reproduced by a calculation of the type made for Lya by MORTON and WIDING (1960) , using the theory of JEFFERIES and THOMAS (1959, 1960) and a three-level atom.
The higher members of the Lyman series through LyX, 918.13 A, are present in Figure 2 , and are followed by a vestige of the Lyman continuum. These lines do not seem to show self-reversal, but it is not possible to be certain of this, because of their faintness. Their widths appear to be about 0.3 A, They are clearly broad, by comparison 10 B. TOUSEY, W. E. AUSTIN, J. D. PUBCELL AND K. G. WIDING to SVI, 933.38 1. In C III, 977.026 A, the broadening was produced by overexposure.
Just as in spectra obtained from earlier flights the intensity of Lyy was greatly reduced because, of absorption by N 2 . This was discussed by DETWILEB, GABBETT, PUBCELL, and Tou- SEY (1961) . It was shown that Lyy, 972.54 A, is nearly coincident with an absorption band of atmospheric N 2 . The bandhead lies at 972.2 A and the maximum absorption coefficient is reached at about 972.5 A (WOBLEY, 1943) . In Figure 2 it can be seen that Lyy, photographed over the peak altitude of 233 km, shows a strong and rather sharp long wavelength edge. This is produced by the sudden attenuation by N 2 . As a result, it is not possible to say whether Lyy is selfreversed in the Sun. Recently, OGAWA and CAIBNS (1964) have photographed Lyy with a 3M grating spectrograph, and shown that N 2 , intro duced into the spectrograph at a pressure of 2 x 10-4 mm Hg, absorbs all of Lyy except a faint residual, which is displaced to about 972.56 A. In Figure 2 , the most intense part of solar Lyy is also displaced longward by about 0.025 A. The absorption is less, however, since some of the short wavelength part of the line is present.
Higher members of the Balmer series of He II have been searched for ; Hy, 1084.97 A, is present, as was mentioned. HS is lost in H I Ly(3. He, 992.39 A, may be present, but the faint line near this wavelength looks broad, by comparison to Hy, suggesting blending. H£, 972.14 A, might be expected just at the short wavelength edge of H I Lyy but is not present. The region to short wavelengths of 500 A is best studied with grazing-incidence spectrographs, which take advantage of the extremely high reflectance of all materials at angles of incidence approaching 90°. Using an instrument of this type, RENSE (1953) obtained the first photograph of the Lyman-alpha line of hydrogen, and Vio- LETT and RENSE (1959) discovered the Lymanalpha line of Hell, 303.78 A. Although the grazing-incidence spectrograph is far more effi cient at short wavelengths than the normalincidence, the stray light associated with the longer wavelength portion of the solar spectrum is so intense that it swamps all but the strongest solar emission lines below 500 A. Because of this, and also certain difficulties with the photo graphic film, the spectra obtained by VIOLETT and RENSE (1959) were difficult to interpret ; only a few of the lines reported by them have been confirmed by later work.
The stray light problem was solved to a large extent by AUSTIN, PUBCELL, and TOUSEY (1962) , who introduced at a position just in front of the entrance slit a filter consisting of an unbacked aluminium foil, 1000 A in thickness. The transmittance of such a filter is zero at X > 837 A, rises gradually to a maximum value of 70 % at 170 A, the L 2 , 3 X-ray edge and falls to 8 % at 150 A. The filter is quite opaque from 148 A to 80 A, but transmits again to shorter wave lengths.
With a spectrograph using a 600-line/mm, 40 cm radius grating at 5° from grazing incidence, equipped with this filter, the solar spectrum was photographed on June 21, 1961 and again on August 22, 1962 to a short wavelength limit of 171 A. On May 10, 1963, using the same instru ment but with improved focus and a narrower slit, spectra were photographed to approximately 40 A. On September 20, 1963 a similar instru ment with a 2400-line/mm grating was flown ; the range 188 A to 33 A was covered with increased resolving power (TOUSEY, 1964) .
The portion of the spectrum obtained on May 10, 1963 from 148 A to 500 A is shown in Figure 3 . The resolution is approximately 0.6 A and wavelengths have been determined to 0.1-0.05 A, the accuracy depending on the particular line. The print has been prepared to show the faintest lines, hence strong lines are overexposed and broadened, for example, He II, 303.8 A and the line at 171.1 A ; breaks that appear near 165 A, 215 A and 425 A are not real but were caused by piecing together different prints.
This range has also been covered with photoelectrically scanned grazing-incidence monochromators, in which the stray light problem is avoided by the use of a metallic photocathode such as tungsten, whose long wavelength response limit lies at approximately 1300 A. Generally the photographic spectra give the most accurate wavelengths and highest resolution. The photoelectrically scanned spectra of HINTEBEGGEB and colleagues, (cf., HINTEBEGGEB, HALL, and SCHWEIZEB, 1964) provide the most accurate intensity data and have only slightly less resolu tion than the photographic spectra. They fill in the region between 148 A and 80 A which has not yet been covered photographically. Photoelectrically scanned spectra were obtained by BEHRING, NETTPERT, and LINDSAY (1962) from OSO-I, the first orbiting solar observatory of the National Aeronautics and Space Administration (NASA). The wavelength range covered was 170 A to 400 A, with a resolution of about 1 A. These spectra give data on the changes that take place in the solar spectrum from day to day and show dramatically how the various emission lines change intensity with solar conditions.
In Figure 4 , the photographic spectra obtained by the Naval Research Laboratory (NRL) are compared with the photoelectrically scanned spectrum of HINTEREGGER, HALL, and SCHWEI-ZER (1964) over the range 148 A to 182 A. The September 20, 1963 spectrum permitted the deter mination of wavelengths with an accuracy of 0.1 A to 0.02 A, depending on the nature of the particular line ; the resolution was approximately 0.15 A. The photoelectrically scanned spectrum agrees remarkably well with the photographic spectra for lines above a certain intensity level, and in places nearly as much detail is resolved as in the September 20 spectrum, However, the agreement begins to deteriorate below approximately 200 counts/ second, and below 100 counts/second the agree ment is not at all good. This is true with respect to the low-level details only ; the average level is still a good measure of the flux that is present.
The range 148 A to 80 A, as observed by HINTE REGGER, HALL, and SCHWEITZER (1964) , is shown in Figure 5 . This is apparently a region where all of the solar emission lines are weak. Few peaks rise above the 200-count/second level. Therefore, the significance of much of the fine struc ture that is present in this trace is open to question and must be confirmed by further work.
The soft X-ray end of the solar spectrum, as photographed by NRL, is shown in Figure 6 In the first spectrum the intensities of the emis sion lines were apparently considerably greater than in the second, however, the resolution was much less because of the use of the 600-line/mm grating. From the September 20, 1963 spectrum in this region, wavelengths have been determined to 0.02 A and lines as close as 0.18 were well resolved. Although the film extended to much shorter wavelengths, no lines shortward of 33.7 A were recorded with certainty, This is attributed to the fact that the grazing angle was 5°. By reducing the angle to 2° it is probable that lines at shorter wavelengths could be recorded. From the work of BLAKE, CHUBB, FRIEDMAN, and UNZICKER (1964) , reported by CHUBB in a later paper at this symposium, it is known that emis sion lines are present in the range 24.8 A to 13.7 A. Using a Bragg crystal spectrometer and photoelectric detection they discovered fourteen lines within these limits on July 25, 1963.
In studying the spectra reproduced in Figures 3 through 6, the presence of second and third order lines must be kept in mind. In Figure 3 at X < 342 A all lines are first order, because the spectrum at X < 171.1 A was greatly wea kened by the aluminium filter. From 342 A to 500 A, however, a large number of the lines are the second orders of the lines occurring between 171.1 A and 250 A. In the photographic spectra of Figure 4 no lines other than first order have been detected, and this is believed to be true of the photoelectric spectrum also. Although the range 80 A to 148 A was covered in the photographic experiments, only second and third order lines were recorded because of the opacity of the alu minum filter. However, these second order lines were not found in the photoelectric spectrum reproduced in Figure 5 . It seems probable, there fore, that this photoelectric spectrum is mainly first order, owing to the characteristic of the gra ting that was used. In Figure 6 , second order lines begin to appear longward of 67.4 A, the second order image of C VI, 33.7 A. It is pos sible that second order lines are present shortward of 67.4 A; the second orders of X<33.7A, including those reported by BLAKE, CHUBB, FRIEDMAN, and UNZICKER (1964) might be expec ted. None are present, except, possibly, 0 VII, 21.6 A.
In Table I there are listed those lines in the photographic spectra which have been identified with reasonable certainty. Rough estimates of intensity are presented on a visual scale, but are not corrected for effects associated with the chan ging speed of the spectrograph as a function of wavelength. An estimate of the wavelength accuracy is given (AX). Some of the identifica tions have been suggested by ZIRIN (1964) , but his line list, taken from the spectrum of HINTEregger, HALL, and SCHWEIZER (1964), is not in good agreement with Table I .
The identification problem in the grazing inci dence range is a difficult one for wavelengths grea ter than 150 A ; on the other hand, from 80 A to 33 A, most of the lines have been identified with a reasonable degree of confidence. The largest group of lines concerning whose identity 
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The first light was thrown on the identity of the lines from 17lA to 212A by FAWCETT, GABRIEL, GRIFFIN, JONES, and WILSON (1963) . Using the magnetically compressed Zeta discharge at HARWELL, ENGLAND, they obtained a spec trum, a portion of which is reproduced in Figure 7 . This is enlarged so as approximately to match in dispersion the spectrum of the Sun photo graphed by NRL on September 20,1963. FAWCETT et al. pointed out that most of the lines from Zeta, and especially the strongest lines, coincided with lines in the solar spectrum. They showed that the lines in Zeta were produced by material from the walls which are of stainless steel. It appeared reasonable therefore to attribute them to iron in high stages of ionization, such as those which exist in the Sun's corona, or in Zeta, whose electron temperature is of the order of 10 6°K , as derived from measurements of HEROUX (1964) .
Further work has been carried out by studying the spectrum of the high temperature electrodeless discharge known as 0-pinch, first when free from iron and then after introduction of iron. In this way ELTON, KOLB, AUSTIN, TOUSEY, and WIDING (1964) found that eighteen lines in the solar spectrum coincided with lines present in 0-pinch when iron was added. Most of these lines were the same as those already found in Zeta. Similar results have been obtained by HOUSE and SAWYER (1964) , and by FAWCETT and GABRIEL (1965) , as reported in a later paper by WILSON. It is well established, therefore, that many of these intense lines are to be ascribed to iron.
The question remains as to the ionization stages of iron responsible for these solar lines. The difficulty in identification comes from the lack of laboratory observation of the spectrum of Table II . The difficulty is that the Fe XIV lines have never been observed in the laboratory. Their wavelengths must be obtai ned by extrapolation, five steps beyond Sc IX, the highest member of the sequence studied. The extrapolation is believed to be correct within 2 A for the P-P multiplet, and within 2 A to 4 A for the P-D and P-S multiplets. However, the ground term splitting 2 Ps/ 2 .i/2, is known precisely from the wavelength of the 5303 A line. Therefore, the exact separation between pairs of lines can be calculated, even though the wave lengths cannot. Shown in Table II are TOTJSBY, W. B. AUSTIN, J. D. PURCBLL AND K. G. WIPING intensity. The long wavelength member is extre mely faint but can be seen in the original, or in a print if looked at edge-on. Lacking proof of the presence of the other Fe XIV multiplets, we regard even the P-S multiplet as extremely doubtful. Identification of Fe XIV 3* 2 3p 2 P° -3s 3# 2 2 D, producing three lines near 350 A, seems to be nearly hopeless at present, since these lines fail in a region which is filled with many lines of both first and second order, and since the extrapolated wavelengths are so inexact. It can be said, however, that no first order lines are present which stand out like Fe XVI, 335 A.
In the X-ray range, Table II The conclusioi* regarding iron is that the prin cipal resonance lines of Fe XVII, XVI, and XV are emitted with relatively great intensity, whereas those of Fe XIV are weak. Some ions in the range Fe IX-XIII produce intense lines, but further analysis is required to determine which produce the strong lines.
In the X-ray range, Figure 6 , in sharp contrast to the region X < 148 A, almost all the lines have been identified. Generally, all the lines that would be expected, are found to be present, and with reasonably correct relative intensities. In Table I Table I . The intensity ratio between lines in this wavelength range and those from the same ions at much longer wavelengths, have been determined and will be interpreted in a subsequent paper by WIDING. A summary of the elements and ionic species which have been found in the Sun through iron is presented in Table III , where solid bars indicate species for which lines in the extreme ultraviolet have been found. Isoelectronic sequences appear on this plot as diagonal lines at 45°. Contours are introduced to indicate, roughly, the ioniza tion potentials to produce the various ionic species. Their meaning is best explained by an example ; 100 eV will produce all oxygen ions THE EXTEEME ULTRAVIOLET EMISSION The wavy nature of the boundaries is not signi ficant, since it reflects small differences in ioni zation potential of the order of a few volts when the value happens to be close to that for the par ticular contour. It is seen that no extreme ultraviolet lines of elements whose abundance in the Sun is less than that of aluminium have been found. Looking at the various isoelectronic sequences, the lithium and beryllium sequences are quite well filled out, the gaps being associated with scarce elements. For the more complicated spectra, however, fewer ions have been detected. It is surprising that in the fluorine sequence no lines at all have been detected, and in the neon sequence none with the exception of Fe XVII ; one might expect Ca X, and indeed there is a possible line at 111 A in HINTEREGGER'S spectrum, but it is not at all strong ; also expected would be Si V and Mg III ; the latter lies at 231.73 A, a region filled with blends, but it is clear that the magnesium line, if present, must be faint.
It has been suggested by ZntiN and DIETZ (1963) that since lines from ions requiring between 100 and 300 eV for formation were very few and faint, the temperature rise with altitude in the chromos phere must be extremely steep, so that not enough ions were present to produce lines of intensity great enough to detect. This conclusion now seems open to question. From Table III it is seen that lines have been recorded from a number of ions requiring between 100 and 300 eV ; 0 VI, Ne VII, Ne VIII, Mg VI, VII, VIII, and IX and Si VII and VIII. There seems to be little evidence of any preferential distribution.
SPECTROHELIOGRAMS
Not long after the first extreme ultraviolet solar spectra were obtained from rockets, attempts were made to photograph the Sun's disc in the light of Spectroheliograms in the grazing-incidence wavelength region cannot be obtained with double-dispersion normal-incidence instruments because of the extremely low reflectance of the gratings, and with grazing-incidence instruments the great amount of astigmatism makes it impos sible to produce images of the Sun. PURCELL, GARRETT, and TOUSEY (1964), however, were successful in obtaining images with a simple normal-incidence spectrograph by placing an unbacked film of aluminum directly in front of the photographic film to remove the stray light. Sunlight was allowed to fall directly on a concave diffraction grating of 40-cm radius of curvature and ruled with 2400 lines/mm. The grating was arranged so that He II, 304 A, the center of the desired spectral region, was diffracted along the normal to the grating. This is the condition for the formation of a stigmatic image. Actually, the image quality was excellent for a considerable wavelength range on either side of the grating normal.
The solar spectrum from 170 A to 340 A over a time interval corresponding to about three solar rota tions, they found that the emission lines Fe XV, 284.1 A and Fe XVI, 335.3 A varied by a factor of about four from minimum to maximum. He II, 303.78 A, on the other hand, was enhanced by a factor of only 33 % during this period. They concluded that the emission of the coronal lines of Fe XV and XVI is relatively much more intense in active regions than is the case for He II, 303.78 A, which is of course apparent from Figure 10 . During the course of the OSO-I observations, however, the emission in Fe XV and XVI never dropped to zero. From an ana lysis of the curves showing the variation with time of these emissions, concluded that the Fe XV and XVI intensity associated with a plage area is approximately 150 to 200 times greater than that of an equivalent area of the quiet Sun. This is not in disagreement with the spectroheliograms, because an intensity level only 1 % as great as in the active regions would have been below the photographic threshold.
The time variation of various other emission lines has been studied by . It was found that the emission lines 171.1, 174.5, and 177.2 A are among those which vary least with solar activity. During the period studied the ratios between maximum and minimum were only 1.2. This also is in agreement with the spectroheliograms, where emission in these lines 
